In plants these configurations result in the production of inviable gametes.
Interchange heterozygotes in Pisum (Pellew and Sansome, 1931 ) and in maize (Burnham, 1934) give disjunctional and non-disjunctional arrangements with approximately equal frequencies and, as would then be expected, these plants show about 50 per cent. pollen and ovule sterility. In other species, however, plants heterozygous for an interchange show less than 50 per cent. sterility; e.g. Campanula (Darlington, 1937) shows only 30 per cent. sterility, disjunction occurring in about 70 per cent. of cases. The higher disjunction of Campanula is accounted for by its larger chromosomes and by the high degree of terminalisation of its chiasmata (Darlington l.c.) .
Genotypic control of disjunction may be inferred from the differences between species, but hitherto it has been analysed no further. The present account is concerned with differences in the disjunction properties of interchange configurations within a single species, differences which therefore afford an opportunity of further investigation by breeding experiments.
MATERIAL AND METHOD
In 1951 an F1 plant from a cross between two inbred lines of rye was found to be heterozygous for two independent interchanges.
99
These two interchange configurations were distinguishable at diplotene ( fig. i) The F1 plant was heterozygous for both interchanges. In subsequent generations, as a result of segregation, some plants were structural homozygotes, some were heterozygous for one of the interchanges, and some were heterozygous for both.
The interchange heterozygotes were classified into types A, B and AB at diplotene, and the number of disjunctional and nondisjunctional arrangements were then scored in 20 first metaphase cells of each of these plants. •.
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The most efficient method of finding the estimates is by maximum likelihood. If Pa equals the disjunction frequency of interchange A, qa( = the frequency of non-disjunction, and Pb and q the frequencies for interchange B, then the frequencies of the seven classes in table i are as shown in the last row of the table.
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The log likelihood expression is L = a1 log Pa+a2 log q+a3 log PaPb log(pqb±q0p) +a5 log qq+a6 log pb+a7 log qb = (a1 +a3)log p0 + (a2 +a5)Iog q +a4 log(p0q +q0Pb) +(a3+a6)logpb+ (a5+a7) (a1 +a2 +a3 +a4 +a5) (5a1 +a2 +6a3 +3a4 +a6-a7)p02 +{(a1 +a3 +a4) (4a1 +a2 +5a3+a4 +a6-a7) + (a1 +a3) (a2 +a5) + (a3 +a6) (a +a2 +a3
-(a1+a3)(a1+2a3+a4+a6) = o and -{(a+a2 +a3 +a4 +a5)P0-(a +a3 +a4)}pa Pbli+a +a3 +a4 +a5)pa2-(3a1 +a2 +3a3 +2a4+a5)p0 +a1 +a3 The equation for P0 can be solved by iteration, and that for Pb by substitution of the value of P0. The estimates from the F3 families, separately and pooled, are set out in table 2. The estimates of p0 and Pb derived from the F3 totals are used to obtain expectations for the various classes in each of the three families. We can then calculate a x2 testing the goodness of fit of the frequencies observed with the overall estimate of disjunction. This x2 has ten degrees of freedom (see appendix) and will, of course, be influenced by any differences that may exist between the F3 families, as well as by variation within them.
Using the estimate obtained from each individual family a for two degrees of freedom can be found testing the goodness of fit within each of the three families. The total of these three x2 is itself a x2 for six degrees of freedom, and it will test whether departures from expectation within families are small enough to be attributed to sampling error. If significantly large it will reveal interaction between the interchanges within the family, i.e. whether one interchange affects the disjunction of the other in plants heterozygous for both of them.
The difference between the X2io and the X26 is a x2 for four degrees of freedom which tests for heterogeneity of p values between the three families.
The analysis of the F3 is set out below. It will be seen from this analysis that: i. There is no significant interaction effect within families. 2. The families are highly heterogeneous: they show different frequencies of disjunction.
The significant heterogeneity of F3 families strongly suggests segregation at meiosis in the F1 for genes controlling the disjunction of the interchanges.
F4
As a further test of the hypothesis that the F3 heterogeneity can be explained in terms of a genetic segregation six F4 families were grown and analysed. These six families were grouped into three pairs according to their ancestry (see fig. 2 ). The observed numbers of disjunctional and non-disjunctional arrangements in the F4 families are given in table 3. Table 4 shows the values of Pa and Pb estimated from these observations. The analysis of the F4 is made in the following way :-(I) The overall estimates are used in each of the six families to obtain a total x2 for twenty degrees of freedom (see appendix). This x2 tests overall goodness of fit. (2) Using the estimates from the paired family totals and calculating expectations for each of the two families making up the pair, two x2 for six degrees of freedom (families 93 and 94, and 95 and 96) and one x2 for four degrees of freedom (families 97 and 98) can be obtained. These x2 test for variation between the members of a pair of families and within the families. Together these three x2 make up a x2 for sixteen degrees of freedom.
() The estimates of Pa and Pb obtained from each individual family are used to obtain the interaction x2 as in the analysis (.) The difference between (i) and (2) above is a x2 for four degrees of freedom testing for heterogeneity of p values between the three family pairs (analogous to heterogeneity between the three F3 families).
() The difference between (2) and () above is a x2 for six degrees of freedom testing for heterogeneity between members of the same family pair. (A test of genetic heterogeneity within the F3 families, i.e. of segregation at meiosis in the F. plants.)
The results of this analysis are set out below. It can be seen that :-(i) There is heterogeneity between the three pairs of families.
This heterogeneity confirms that observed at F3. (2) There is no sign of heterogeneity between the families within pairs.
() There is some doubt as to the presence of interaction within families. When the individual family x2 are examined (see table 5 ) it can be seen that families 93 and 94 make up nearly the whole of the interaction item. There is no evidence of interaction within families 95, g6, 97 and 98 but we cannot neglect the possibility of interaction in families 93 and 94. Further evidence must be sought in future years.
That the difference between F3 families is a result of segregation of genes controlling disjunction is confirmed by the variation between zo6 family pairs in the F4. Fig. 3 shows that the disjunction values of parents (F3) and offspring (F4) are closely correlated. It is clear, therefore, that the frequency of chromosome disjunction as opposed to non-disjunction is subject to genotypic control. 
DISCUSSION
The above account shows that variation in disjunction frequency of the same chromosome interchanges in rye is due in part to variation in the genotype. Heritable variation in disjunction within a species may well also account for the variation in pollen and ovule sterility reported by Burnham (I4) in maize "cultures" heterozygous for interchange T8-9.
There is evidence suggesting that disjunction in the permanent interchange hybrids of Oenothera is genotypically controlled. The species have been shown to have characteristic disjunction frequencies. Cleland (1926) , for example, reports that just over 20 per cent. of metaphases in 0. muricata show deviation from complete disjunction, while in 0. pratinicola (Kulkarni, 1929) action of natural selection in just the same way as the more conventional morphological characters (see Rees, 1955) . In interchange heterozygotes natural selection would clearly favour those genotypes which lead to a high proportion of disjunctional arrangements and to a relatively high fertility. Such selection may well have played an important part in populations of two kinds, firstly, where interchanges float in the population, some individuals being homozygotes and some heterozygotes (e.g. Campanula, Darlington and Gairdner, 1937) , and secondly, where the interchanges are fixed in the heterozygous condition as in Oenothera and Rhoeo. In both these types of population the heterotic advantages of structural heterozygosity are counterbalanced by a loss of fertility. Selection may well have minimised this infertility by adjustment of the degree of disjunction at meiosis.
SUMMARY
i. The frequency of genetical disjunction of interchange configurations in rye is shown to be genotypically controlled.
2. There is some evidence that in plants of some families the disjunction properties of two interchange configurations are not independent.
3. Since the disjunctional properties of interchange heterozygotes are heritable, selection would be effective in adjusting the degree of disjunction to achieve greater fertility. Such selection may well have played an important part in the establishment of interchange heterozygotes in populations of species in Oenothera and Campanula.
APPENDIX
The data from each family in F3 and F4 is a combination of three groups. Two of the groups stem from the plants heterozygous for the A and the B interchanges respectively, and each of these provides two classes of observation, vie. disjunction and non-disjunction of the interchange in question. Thus each provides one degree of freedom for testing agreement with any expected frequency of disjunction. The third group, consisting of the double heterozygous individuals, provides three classes of observation, viz. disjunctional for both, for only one, and for neither of the interchanges. This third group gives us two degrees of freedom.
There are thus four degrees of freedom appropriate to each row of tables i and 3. By using the values of p and p estimated from any one row and finding expected values for that row, we get a x2 for two degrees of freedom, the other two having been used in estimating Pa and Pb. Similarly, by using estimates derived from the F3 totals and finding expectations for the three F3 families we get a x3 for 3 x 4 degrees of freedom, less the two degrees of freedom used in estimating the parameters, i.e. a x' for ten degrees of freedom.
Since there are no observations on plants heterozygous for interchange B in families 97 and 98 of the F4, the number of degrees of freedom appropriate to these two families is (2 +') -2 I.
